
 
 
 
 
 
 
 
 
 
Supplemental Figure 1: Production of C11-keto-ent-cassadiene by CYP76M7 in vitro. A) GC-
MS chromatograph of assay extract (1, ent-cassadiene; 3, C11-keto-ent-cassadiene). B) Mass 
spectra for 3 (C11-keto-ent-cassadiene). 
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Supplemental Data. Swaminathan et al. (2009). CYP76M7 is an ent-cassadiene C11-hydroxylase defining a second 

multifunctional diterpenoid biosynthetic gene cluster in rice. 



Supplemental Figure 2: Production of C11-keto-ent-cassadiene from C11�-hydroxyl-ent-
cassadiene by recombinant bacteria expressing CYP76M7 and Os-CPR1. A) GC-MS 
chromatograph of fed culture extract (2, C11�-hydroxyl-ent-cassadiene; 3, C11-keto-ent-
cassadiene). B) Mass spectra for 3 (C11-keto-ent-cassadiene).  

 

 
 
 
 
 
Supplemental Figure 3: Alignments used to generate the phylogenetic trees in Figure 6. A) 
Alignment of CPS used for phylogenetic tree in Figure 6A. B) Alignment of KSL used for 
phylogenetic tree in Figure 6B. C) Alignment of CYP used for phylogenetic tree in Figure 6C.  
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- - - M I H - - LH SPP - - - - - - - - - - TAPAAFG GAGSADWRRR RRWSWSSSSR APVAKGGHLR PCVWRRGGDD GGGEDHHADS
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GGGGGGGAAW RARAT TAGVS SSSS TAKGLQ AN I I EHE TPR I TKWPNESRD LDDHQQNNEA DEEADDELQP LVEQVRSMLS
GPG - - - - - - - - - HAT T TQQP DNVSSAKVFQ TSRVE TESK - - LRNGRKPQD LEDEHQAEEA - - - - - - E LQP L I DQVRAMLR
- - - - - - - - - - - - - - - - - - - - SKLRTQEY I N SQEVQHDLP L I HEW - - - - QQ LQGEDAPQ I S VGSNSNAFKE AVKSVKT I LR
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SMED - - GA I T ASAYDTAWVA LVPRLDGEGG TQ - - F PAAVR W I VGSQLADG SWGDEAL FSA YDRV I NT LAC VVAL TRWSLH
SMND - - GDTS ASAYDTAWVA MVPKVGGDGG AQPQFPATVR W I VDHQLPDG SWGDSAL FSA YDRM I NT LAC VVAL TKWSLE
NL TD - - GE I T I SAYDTAWVA L I DA - - - - GD KTPAFPSAVK W I AENQLSDG SWGDAYL FSY HDRL I NT LAC VVALRSWNL F
AARNSLGET T VSAYDTAW I A L VNRLDGGGE RSPQFPEA I D W I ARNQLPDG SWGDAGMF I V QDRL I NT LGC VVALATWGVH
S I GE - - GE I S I SAYDTS LVA L LKRLDGGD - - GPQFPS T I D W I VQNQLPDG SWGDASF FMM GDR I MS T LAC VVALKSWN I H

HDQCKQGLQF LNLNLWRLAE EEPDTMP I GF E I AF PS LVEA ARGLG I - DF P YDHPALKG I Y ANRE LKLKR I PKDMMH I VP T
PARCEAGLS F LHENMWRLAE EEAESMP I GF E I AF PS L I QT ARDLGVVDFP YGHPALQS I Y ANREVKLKR I PRDMMHRVP T
PHQCNKG I T F FREN I GKLED ENDEHMP I GF EVAFPS L L E I ARG I N I - DVP YDSPV LKD I Y AKKE LKL TR I PKE I MHK I P T
EEQRARGLAY I QDNLWRLGE DDEEWMMVGF E I T F PV L L EK AKNLGL - D I N YDDPALQD I Y AKRQLKLAK I PREALHARPT
TDKCERGL L F I QENMWRLAH EEEDWMLVGF E I AL PS L LDM AKDLDL - D I P YDEPALKA I Y AERERKLAK I PRDV LHAMPT

S I LHS LEGMP GLDWQRL LKL QCSDGSF L F S PSATAYALMQ TGDKKCFAY I DR I I KKFDGG VPNVYPVDL F EH I WVVDRLE
S I LHS LEGMP DLDWPRL LNL QSCDGSF L F S PSATAYALMQ TGDKKCFEY I DR I VKKFNGG VPNVYPVDL F EH I WVVDRLE
T L LHS LEGMR DLDWEKL LKL QSQDGSF L F S PSS TAFAFMQ TRDSNCLEY L RNAVKRFNGG VPNV FPVDL F EH I W I VDRLQ
T L LHS LEGME NLDWERL LQF KCPAGSLHSS PAASAYALSE TGDKEL LEY L E TA I NNFDGG APCTYPVDNF DRLWSVDRLR
T L LHS LEGMV DLDWEKL LKL RCLDGSFHCS PAS TATAFQQ TGDQKCFEY L DG I VKKFNGG VPC I YP LDVY ERLWAVDRL T

RLG I SRY FQR E I EQNMDYVN RHWTEDG I CW ARNSNVKEVD DTAMAFRL LR LHGYNVSPSV FKNFEKDGEF FCFVGQST - Q
RLG I SRY FQR E I EQCMDYVN RHWTEDG I CW ARKSNVKDVD DTAMAFRL LR LHGYNVSPSV FKNFEKDGEF FCFVGQST - Q
RLG I SRY FEE E I KECLDYVH RYWTDNG I CW ARCSHVQD I D DTAMAFRL LR QHGYQVSADV FKNFEKEGEF FCFVGQSN - Q
RLG I SRY F T S E I EEY LEYAY RHLSPDGMSY GGLCPVKD I D DTAMAFRL LR LHGYNVSSSV FNHFEKDGEY FCFAGQSS - Q
RLG I SRHF TS E I EDCLDY I F RNWTPDGLAH TKNCPVKD I D DTAMGFRL LR LYGYQVDPCV LKKFEKDGKF FCLHGESNPS

AV TGMYNLNR ASQ I S F PGED - I LQRARNFS YE F LREREAQ GT LHDKW I I S KDLPGEVQYT LDFPWYASLP RVEARTY I GQ
AVTGMYNLNR ASQ I S FQGED - V LHRARVFS YE F LRQREEQ GM I RDKW I VA KDLPGEVQYT LDFPWYASLP RVEARTY LDQ
AVTGMFNLYR ASQLAFPREE - I LKNAKEFS YNY L LEKRER EE L I DKW I I M KDLPGE I GFA LE I PWYASLP RVE TRFY I DQ
S L TAMYNSYR ASQ I V F PGDD DGLEQLRAYC RAF LEERRAT GNLMDKWV I A NGLPSEVEYA LDFPWKASLP RVE TRVY LEQ
SV TPMYNTYR ASQLKFPGDD GVLGRAEV FC RS F LQDRRGS NRMKDKWA I A KD I PGEVEYA MDYPWKASLP R I E TRLY LDQ

YGGNDDVW I G KT LYRMP I VN NATY LE LAKQ DFNRCQALHQ HELQGLQKWF I ENGLEAFGM TPE - - DV LRA Y F LAAAC I F E
YGGKDDVW I G KT LYRMPLVN NDTY LE LA I R DFNHCQALHQ LECNGLQTWY KDNCLDAFGV EPQ - - DV LRS Y F LAAAC I F E
YGGENDVW I G KT LYRMPYVN NNGYLE LAKQ DYNNCQAQHQ LEWD I FQKWY EENRLSEWGV RRS - - E L L EC YY LAAAT I F E
YGASEDAW I G KGLYRMT LVN NDLY LEAAKA DF TNFQRLSR LEWLS LKRWY I RNNLQAHGV TEQ - - SV LRA Y F LAAAN I F E
YGGSGDVW I G KV LHRMT L FC NDLY LKAAKA DFSNFQKECR VE LNGLRRWY LRSNLERFGG TDPQT T LMTS Y F LASAN I F E

PNRASERLAW ARVSV LANT I SRHFYSDMSS MK - - - - RMER FMWSSLYEE - - - NGNV LGLE GYAKDG I LAR T LCQL I DL L S
PSRAAERLAW ARTSM I ANA I S THLRD I SED KK - - - - RL EC FV - HCLYEE - - - N - DVSWLK RNPNDV I L ER ALRRL I NL LA
SERSHERMVW AKSSV LVKA I SSS FGESSDS RRSFSDQFHE Y I ANARRSDH HFNDRNMRLD R - PGSVQASR LAGVL I GT LN
PNRAAERLGW ARTA I LAEA I ASHLRQYSAN GAA - DGMTER L I SGLASHDW DWRESKDSAA RS - - - - - L L Y ALDE L I DLHA
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- - - - - - - - - F GNA - SDS LRE AWKQWLMSWT - - NESQGSTG G - - - - - - - - - - - - - DTAL L L VRT I E I CSGR HGSAEQSLKN
- - - - - - - - - F DDAYSGSLRE AWKQWLMAWT AKESSQES I E G - - - - - - - - - - - - - DTA I L L VRA I E I FGGR HVL TGQR - PD

TEGSWF I QLA - - - SS I CDS L HAKML LSQDT KKNET T I NQ I DKE I E LGMQE LAQYL LPRVD DRR I NNKTKQ T F L S I VKSCY
KDNDWF I QL T - - - CATCDS L NHRML LSQDT MKNEAR I NW I EKE I E LNMQE LAQSL L LRCD EKTSNKKTKK T LWDVLRS LY
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M I L PMSSACL - - - - - - - - G - QF LRASPR - - - - - - GM I - EQ FNRAPPLRVS I - - - - - - - - - - - - - - - - - - - RG - AAGVEKS
MMLPMSSACS - - - - - - - - GG QFPGASPH - - - - - - G I I PKQ FSRAPR I RVS I - - - - - - - - - - - - - - - - - - - RG - AAGVEKS
MML - L SSSYS - - - - - - - - GG QFPGVSP L - - - - - - GTRPKR ST T VVPRPVV T - - - - - - - - - - - - - - - - - - - RA - - GGVRNN
MML - L SSSYS - - - - - - - - GG QFPGVSP L - - - - - - GTRPKR ST T VVP L PVV T - - - - - - - - - - - - - - - - - - - RATAGGVRNN
- MLP - SS I CS - - - - - - - - MG Q I PRT SPH - - - - YYGMLPKQ MSKGHP - PMV T - - - - - - - - - - - - - - - - - - - RAV - GGVEKG
MMML L L PSSS SSCCCRCPGG QFHGAPPR - - - - VMAPRR - - - - - - - - - - GV T - - - RVY I EK - RL - - - - - - - - GVGG - - - - -
MML LGSPSSG GY - - - - - - GG KFAGASPAGG T T TMAPSAKQ PSSRAPPPG I T - - - GGRNDL - R I L SPAAAA AAVGGLEMKK
MASPMEAVAR SSLV LAPRRR RALGL LPAAA APFV LDCRRR HNGGMRRPHV SFACSAELDT GRRQLPS TGT RAVMSSCPGY
MS I NLRSSGC S - - - - - - - - - - - - - - SP I SA T L ERGLDSEV QTRA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LGLGRNAGSQ QGMQKNQLQD K I RKQLREVQ LSPSSYDTAW VAMVPVQGSH Q - - T PRF PQC I EW I MQNQHD DGSWGTNL - P
LGLGRNAGSQ QGMHKNELHD K I RKQLRDVQ LQPSSYDTAW VAMVPVQGSH Q - - T PRF PQS I EW I LQNQYD DGSWGTNL - P
L EVVGNAGT L QGMD I DE LRV I VRKQLQGVE LSPSSYDTAW VAMVPVQGSR Q - - SPCFPQC VEW I LQNQQE DGSWGHSAGP
LEVVGNAGT L QGMD I DE LRV I VRKQLQGVE LSPSSYDTAW VAMVPVQGSP Q - - SPCFPQC VEW I LQNQQE DGSWGHSAGP
- EVGGNVRSL QVMHSKELQA K I RRQLQRVE LSPS LYDTAW VAMVPERSSS Q - - APCYPQC I EW I LQNQHD DGSWG I NSS -
- - - - GNASS L QDMHRKELQA RTRDQLQT LE L S T S L YDTAW VAMVPLRGSR Q - - HPCFPQC VEW I LQNQQD DGSWGTR - GF
PEAEG I AES L QATHRKELEA S I RKQLQGVE LSPSPYDTAW VAMVPLRGSS H - - NPS F PQC VDW I L ENQWD DGSWS I D - GS
VEGRMVGENT SQ I NMGR - EA R I RRHLENPE F L PSSYD I AW VAMVPLPGTD HLQAPCFPEC VEW I LQNQHS NGSWGVN - E F
- - - - - - - - - - NNVS F EQTKE K I RKMLEKVE LSVSAYDTSW VAMVPSPSSQ N - - AP L F PQC VKWL LDNQHE DGSWGLDNHD

GSVVNKD I L L CT LACVVALK RWNTGRDH I S RGLNF I GKNF WVAMDEQT I A PVGFN I T F SG L LNLATGTGL E FPVMQTD I D
GLVVNKD I L L CT LACVVALK RWNTGRDH I S RGPNF I GRNF SVAMDEQTVA PVGFN I T F SG L L S LATRTGL E LPVMQTD I D
SGEVNKD I L L S T LACVLALN I WNVGQDH I R RGLS F I GRNF SVA I DGQCAA PVGFN I T F SG MLRLA I GMGL KFPVMETD I D
SGEVNKD I L L S T LACVLALN TWNVGQDH I R RGLS F I GRNF SVA I DGQCAA PVGFN I T F SG MLHLA I GMGL KFPVMETD I D
S L SVNKD I L L S T LACVVALK KWNAGSYH I K RGLNFVGRNF SVAMDVQN I A PVGFNVT F SG L I T LASGMGL QLPVWQTD I D
GVAVTRDVLS S T LACVLALK RWNVGQEH I R RGLDF I GRNF S I AMDEQ I AA PVGFN I T F PG MLSLAMGMDL EFPVRQTDVD
I S TANKDVLS S T LACVLALN KWNVGREH I R RGLS F I GRNF S I AMDDQAVA P I GFG I T F PA ML T LANGSGL EVPVRQND I D
DSSASKD I L L S T LAC I I AL E KWNVGSEQ I R RGLHF I AKNF S I V I DDQ I AA P I GFNL T F PA MVNLA I KMGL E FPASE I S I D
HQSLKKDVLS S T LAS I LALK KWG I GERQ I N KGLQF I E LNS ALV TDE T I QK P TGFD I I F PG M I KYARDLNL T I P LGSEVVD

G I FHMRK I E L ERDAYGTASS RRAFMAYVSE GLD - S LQDWD QVMAYQRKNR S I FNSPSATA ATV I HGHNDS ALCYLDS LVS
G I I H I RK I E L ERDAYGTASS RRAFMAYVSE GLG - NLQDWN QVMAYQRKNG S I FNSPSATA AT I I HGHNYS GLAYLDFV T S
S I FRLREVE F ERDAGGTASA RKAFMAYVSE GLG - REQDWD HVMAYQRKNG SL FNSPS T TA ASA I HSCNDR ALDYLVS L T S
S I FRLREVE F ERDAGGTASA RKAFMAYVSE GLG - REQDWD HVMAYQRKNG SL FNSPS T TA ASA I HSCNDR ALDYLVS L T S
E I FHLRK I E L ERDSGGT I SA RKAFMAYVAE GFG - S LQDWD QVMAYQRKNG SL FNSPS T TA AAA I HT FNDR T LNY LDS L TN
RL LHLRE I E L EREAGDHSYG RKAYMAYVTE GLG - NL L EWD E I MMFQRKNG SF FNCPS T TA AT L VNHYNDK ALQYLNCLVS
S LNHLREMK I QREAGNHSRG RKAYMAYLAE GFG - NL L EWD E I MMFQRKNG SL FNCPSS TA GALANYHDDK ALQYLQSLVN
Q I LHLRDMEL KRLSGEES LG KEAYFAY I AE GLEESMVDWS EVMKFQGKNG SL FNSPAATA AALVHRYDDK ALGYLYSVVN
DM I RKRDLDL KCDSEKFSKG REAYLAYV LE GT - RNLKDWD L I VKYQRKNG SL FDSPAT TA AAF TQFGNDG CLRYLCSL LQ

KLHGPVPVMY PQNAYSQLCM VDT LEKMG I S NNFSCE I SD I LDM I YRLW I H NEEE LMLEMG TCAMAFRL LR MHGYD I SSDG
KFGGPVPVMY PQNAYSQLCM VDT LERMG I S ES FACE I SD I LDMTYRLWMH NEEELMLDMR TCAMAFRL LR MHGYD I T SDG
KLGGPVPA I Y PDKVYSQLCM VDT LEKMG I S SDFACD I RD I LDMTYSCWMQ DEEE I MLDMA TCAKAFRL LR MHGYDVSSEG
KLGGPVPA I H PDKVYSQLCM VDT LEKMG I S SDFACD I RD I LDMTYSCWMQ DEEE I MLDMA TCAKAFRL LR MHGYDVSSEG
KFGGPVPAMY PQN I YSQLCT VDALERTG I S QKFARE I RD I LDT T YRSWLH NEEEVMLD I P TCAMAFRL LR THGYD I T SDE
KFGSAVPTVY P LN I YCQLSW VDALEKMG I S QYFVSE I KS I LDT T YVSWLE RDEE I MLD I T TCAMAFRL LR MNGYHVSSVE
KFDGVVP T L Y P LN I YCQLSM VDALENMG I S QYFASE I KS I LDMTYSSWLG KDEE I MLDV T TCAMAFRL LR MNGYDVSSDE
KFGGEVPTVY P LN I F SQLSM VDT L VN I G I S RHFSSD I KR I LDKTY I LWSQ RDEEVMLDLP TCAMAFRL LR MNGYGVSSDD
KFEAAVPSVY P FDQYARLS I I V T L ES LG I D RDFKTE I KS I LDE T YRYWLR GDEE I CLDLA TCALAFRL L L AHGYDVSYDP

MAQFVEQSSF DDS I HGYLND TKAL L E L YRS SQ I RCLEDDL I LQD I GSWSA - RV LQEK I SS - - - KMTHKS - EMLGVEYALK
MAQFVEQSSF DDS I HGYLND TKAL L E L YKS SQLRCLEDDL I L EE I GSWSA - RV L L EK I SS - - - KM I H I S - E L PEVEYALK
MARFAERSSF DDS I HAY LND TKPL L E L YKS SQVHF L EEDF I L EN I GSWSA - KL LKQQLS F - - - NK I SKS - LMPEVEYALK
MARFAERSSF DDS I HAY LND TKPL L E L YKS SQLHF L EEDL I L EN I SSWSA - KL LKQQLSS - - - NK I MKS - LMPEVEYALK
MAHFSEQSSF DDS I HGYLND TKT L L E L FKT SQ I RF SCEDL V L EN I GTWSA - KL LKQQL LS - - - NKL S T S - AQSEVEYV LK
LSPVAEASS F RES LQGYLND KKSL I E L YKA SKVSKSENES I LDS I GSWSG - S L LKESVCS - - - NGVKKAP I F EEMKYALK
LSHVAGASGF RDSLQGYLND RKSVLEVYKT SKHS I SENDL I LDS I GSWSG GSL LKEMLSS - - - NG - KGTP GREE I E FALK
LSHVAEAST F HNSVEGYLDD TKSL L E L YKA SKVSLSENEP I L EKMGCWSG - S L LKEKLCS - - - DD I RGTP I LGEVEYALK
LKPFAEESGF SDT L EGYVKN T F SV L E L FKA AQSY - - PHES ALKKQCCWT - KQYLEMELSS WVKTSVRDKY LKKEVEDALA

FPVYAT L ERL EQKRN I EQFK TKEQLK I EGF KL LKSGY - RG A I THDE I LAL AVDEFHSSQS VYQQELQDLN SWVAHTRLDE
CPVYA I L ERL EQKRN I EQFK TKEQLK I EGF KL LKSGY - RG V I PNDE I LAL AVDEFHSSQS VYQQELQDLN SWVAHTRLDE
YP FYATVEV L EHKGN I ERFN - - - - - - VNGF QRLKSGY - CG SGADKE I LAL AVNKFHYAQS VYQQELRYLE SWVAEFRLDE
YP LYS T VDAL EHRGN I ERFN - - - - - - VNGF QRPKSGY - CG SGADKE I LAL AVDKFHYNQS VYQQELRYLE SWVAEFGLDE
FP LHS T LDRL EHRRN I EQFK - - - - - - VEGS KVLKSGY - CG SHSNEE I LAL AVDYFHSSQS VYQQELKYFE SWVKQCRLDE
FP F Y T T LDRL DHKRN I ERFD - - - - - - AKDS QMLKTEY - L L PHANQD I LAL AVEDFSSSQS I YQDELNYLE CWVKDEKLDQ
YPFYS T L ERL VHRKN I V L FD - - - - - - AKGS QMLKTAC - MP VHDSQDF LAL AVDDFC I SQS NYQNELNYLE SWVKDNRLDQ
FP FYAT L EP L DHKWN I ENFD - - - - - - ARAY QK I KTKN - MP CHVNEDL LAL AAEDFS FCQS TYQNE I QHLE SWEKENKLDQ
FPSYASLERS DHRRK I LNGS A - - - - - VENT RV TKTSYRLH N I CT SD I LKL AVDDFNFCQS I HREEMERLD RW I VENRLQE

LKFARLMPS I T Y F SAAATMF PSE LSEAR I A WTQNC I L T T T VDDF FD - GDG SKEEMENLVK L I KKWDGHGE I GF SSECVE I
LKFARLMPS I T Y F SAAAVL L PSE - - SAR I A WTQNC I L T T T VDDF FD - GEG SKEEMENLVK L I EKWDDHGE I GF SSECVE I
LKFARV I P LQ SL L SAVVP L F PCE LSDAR I A WSQNA I L TAV VDDL FD - GGG SMEEMLNLVA L FDKWDDHGE I GFCSSNVE I
LKFARV I P LQ SL L SALVP L F PAE LSDAR I A F SQNCML T TM VDDF FD - GGG SMEEMVNFVA L I DEWDNHGE I GFCSNNVE I
LKFARVMPL I VHF SSAAT I F APE LADARMV LSQTCML I T V YDDF FDCPE I SREEKENY I A L I EKWDNHAE I GFCSKNVE I
L P FARQKL TY CYLSAAAT I F PRE LSEAR I A WAKNGVL T T V VDDF FDLG - G SKEE LENL I A L VEKWDGH - Q EE FYSEQVR I
LHFARQK I T Y CY LSGAAT T F RPEMGYARTS WARTAWL TAV I DDL FDVG - G L EQEQENL LA LMEKWEEPGE DEYYSEDVK I
L E F TRKNL I N SY L SAAAT I S PYE L SDAR I A CAKS I AL T L V ADDF FDVG - S SKEEQENL I S L VEKWDQYHK VEFYSENVKA
LKFARQKLAY CYFSGAAT L F SPE L SDAR I S WAKGGVL T T V VDDF FDVG - G SKEE LENL I H L VEKWDLNGV PEYSSEHVE I
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L F YA I YNT SK Q I AEKAVP LQ KRNVVDH I AE SWWF TVRGML TEAEWRMDKY VPT T VEEYMS AAVDSFAVGP I I T SAAL F VG
L F YAVYNTSK Q I AEKAMPLQ KRNAVDH I AE SWWF TVRGML TEAEWRMDKY VPT T VEEYMS AAVDSFAVGP I I T SAAL F VG
MFNAVYNT TK R I GAKAALVQ KRCV I DH I AE QWQVMVRAML TEAEWAAGKH I PATMGEYMS VAEPS FALGP I VPVSAYL LG
MFNA I YNT TK RNCAKAALVQ NRCVMDH I AK QWQVMVRAMK TEAEWAASRH I PATMEEYMS VGEPS FALGP I VP L SAY L LG
VFYAVYNTYK Q I GEKAALKQ NRS I MDQLVE DLVSSAKAMM VEADWTATKY I PATMEEYMS NAEVSGAFAS FVCPP LY F LG
VFSA I Y T T VN QLGAKASALQ GRDVTKHL T E I WLCLMRSMM TEAEWQRTKY VP - TMEEYMA NAVVS FALGP I V L P T L Y F VG
VFQALYNTVN E I GAKASALQ GHDVTKYLVD VWLHVVRCMK VEAEWQRSQH LP - T F EEYME SGMVSLGQGC TVMSAL F L I G
V F FALYS TVN QLGAMASAVQ NRDVTKYNVE SWLDYLRS LA TDAEWQRSKY VP - TMEEYMK NS I V T FALGP T I L I AL Y FMG
I F SV LRDT I L E TGDKAF TYQ GRNVTHH I VK I WLDL LKSML REAEWSSDKS TP - S L EDYME NAY I S FALGP I V L PATY L I G

PE L SEEV FRS EEY I HLMNLA NT I GRL LNDM QTYEKE I KMG KV - NS I - MLH ALSHSG - - - - GGRGSPE - - - - ASMEEAKRE
PE LSEEV FRS EEY I HLMNLA NT I GRL LNDM QTYEKE I KMG KV - NSV - MLH ALSHSG - - - - GGRGSPE - - - - ASMEEAKRE
EE LPEEAVRS PEYGRL LGLA SAVGRL LNDV MTYEKEMGTG KL - NSVV L LQ PLAAGGAASR GGGGAPAP - A PASVEAARAE
EE LPEEAVRS PEYGQL LRHA SAVGRL LNDV MTYEKEV L TW TP - NSV - L LQ ALAA - - - - AR GGGESPTPPS PACAEAARGE
LKLSEEDVKS HEYTQL LKL T NV I GRLQNDS QTYRKE I LAG KV - NSV - L LR AL TDS - - - - - - GNT SPE - - - - - S I EAAKE I
PKLQEDVVRD HEYNEL FRLM STCGRL LNDS QGFERES LEG KL - NSVS L L V HHSGGS I - - - - - - - - - - - - - - - S I DEAKMK
EKLPEG I VE L EEYDEL FRLM GTCGRL LND I RG I EREESDG KMTNGVSL L V HASGGSM - - - - - - - - - - - - - - - SVDEAKTE
QNLWED I VKN AEYDEL FRLM NTCGRLQND I QS F ERECKDG KL - NSVS L L V LDSKDVM - - - - - - - - - - - - - - - SVEEAKEA
PPLPEKTVDS HQYNQLYKLV S TMGRL LND I QGFKRESAEG KL - NAVS LHM KHERDN - - - - - - - - - - - - - - - RSKEV I I ES

MRRVLQGSRC DL LRLV TRDG G - - - - - VVPP PCRKL FWFMS KVLHFVYMEK DGYF TADGMM ASANAV I LDP LQVT L L PSGL
MRRVLQGCRF E L LGLV TRDA G - - - - - VVPP PCRKL FWLMS KVLHFVYMEK DRYF TAEGMM ASANAV I LDP LQVT L PPSDS
VRRA I QASWR DLHGLV FGSG GGSSSS I I PR PCREVFWHTG KVASVFYQEG DGY - ARKAMR SMANAV I L EP LHLQE - - - - -
VRRA I QASWR DLHRLV FRDD DGSS - - I VPR ACREL FWGTA KVANVFYQEV DGY - T PKAMR GMANAV I LDP LHLQE - - - - -
VNRDAESSMV EMRSLV F SEG GP - - - - - I PR PCKDRFWEMC K I V F Y F YSED DAYRTPKETM SSARAV I LDP LRL I PPPSCP
AQKS I DT SRR NL LRLV LGEQ - G - - - - AVPR PCKQL FWKMC K I VHMFYSRT DGFSSPKEMV SAVNAVVKEP LKLKVSDPYG
VMKR I DASRR KL L S L VVSEQ EG - - - - P I PR PCKQL FWKMC K I LHL F YYQT DGFSSPKEMV SAVDAV I NEP LQLRL L - - - -
I NES I SSCRR EL LRLVVRED - G - - - - V I PK SCKEMFWNLY KTSHVFYSQA DGFSSPKEMM GAMNGV I F EP LKTRGN - - - -
MKGLAERKRE ELHKLV L EEK G - - - - SVVPR ECKEAF LKMS KVLNL F YRKD DGF - T SNDLM SLVKSV I YEP VS LQKESL T -

GT L - - -
GT L - - -
- - - - - -
- - - - - -
E T L SS -
S I L SGN
- - - - - -
- - - - - -
- - - - - -
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- - MDDKL LQL L L LALAVSVV S I V T I SKL - - - - - - - - - VYR ATNKPRLNLP PGPWT LPV I G S LHHLVM - RS PS I - HRSMRA
- - MEDKL - P L AL T V LSVSV L I AVV I SKL - - - - - - - - - VSY AT - KPRLNLP PGPWKLPV I G S LHHLV - - GS HA I - HRSMRA
- - MEDKL - - L L L LALAVSV L VAVV I SKL - - - - - - - - - VSY AT - KPRLNLP PGPWT LPV I G S I HHLV - - GS HP I - HRSMRA
- - MED - K - - - L I LDLCLSAL FVVV LSKL - - - - - - - - - VSS AM - KPRLNLP PGPWT LP L I G S LHHLVMTKS PQT - HRS LRA
- - MEDNK - - - L I LALGLSV L F V L - L SKL - - - - - - - - - VSS AM - KPRLNLP PGPWT LP L I G S LHHLVM - KS PQ I - HRS LRA
- - MEDKT - - - I L L S LALSML LA I L L SKL - - - - - - - - - VS I SK - KPRLNLP PGPWT LPV I G S I HHLA - - SN PNT - HRALRA
- - - - - - - - - - - - - - MGAS I L L VVVVSKL - - - - - - - - - M I S FAAKPRLNLP PGPWT LP L I G S I HHVV - SSR ESV - HSAMRR
- - MEDK - - - - V L LAVGASLV LV F L - SKL - - - - - - - - - I SS YAKKPRLNLP PGPWT LP L I G SAHHLV - SWS ESV - HSV I GK
- - ME - - L T T L L L LAL I S F F F L VE L I ARY - - - - - - - - - ASP SGRESALRLP PGPSQLP L I G S LHHL L L SRY GDLPHRAMRE
- - ME - - I NSA AT L T L VS L L T L P I L LAL L - - - - - - - - - TRK SSSKKRR - - P PGPWNLP LVG GL LHL LRSH - - - - PQVALRE
- MME - - I NSE ATV T L VSVV T L P I L LAL L - - - - - - - - - TRK SSSKKRR - - P PGPWNLP LVG GL LHL LRSQ - - - - PQVALRD
- - - - - - - - - - - MS LWY I I VV F V F FAS I F - - - - - - - - - I AK NTRKTKKNLP PGPPRLP I I G NLHQL - - - - - GSKPHRSMFK
- - ME - - - RDA WL LCAALAAA TVVYY - - - L - - - - - ACT T SR R - - AQRRRLP PGPTP LPV I G NV LS L - - - - R G - NMHHALAR
- - ME - - - REA WL LCAALAAA MVYYYYYY L - - - - - ACT T - R R - - AQRR - L P PGPTP LPV I G NV LS L - - - - S G - DMHHELAR
- - ME T - - RE L WVLAAALAVS L LYY LAALMR YAGGGCS - - - R - - SSRPP LP PGPTP LP L I G NL L S L - - - - R G - V LHHRLAS
- - - MG - - HE L WVLWAT LAVS L LCY LY - - - - - - - - - - L T SH RLGSRRRRWP PGPRPLP L LG NL LDL - - - - R GGNLHHT LAR
- - MEKLKSE L WMTAVATCMS L L L Y L T I LRR R - - - - - - - - H ASGGRSLALP PGPTP LP L I G NL LCL - - - - - GG I FHQT LAK
- - - - MDVNQL WL LWAT LAVS L L YY I - - - - - - - - - - - SNRR RRVGGRRRCP PGPMPLP LVG NL LNL - - - - R G - HL PPALAR
- - - ME - NSQV WL LWGALSVA V L FY LS T LRR RY - - - - - - - - - - AGGKP - L P PGPTP LP L I G NLHLA - - - - G G - T FHHKLRD
- - - ME - NSQM WL LWGALSVA L F F Y FS T LRR RY - - - - - - - - - - AGGKP - L P PGPTP LP L I G NLHLV - - - - G GGT FHHKLRD
- - - MEKSSE L WL LWAVFSAS LV F L Y L T I RR RS - - - - - - - G AGAGGKPP LP PGPTP LP L I G NL LDL - - - - R GGV I HDKLAA
- - - - - MASGL WF LG I S LAV L L LCYV - - - - - - - - - - - GTNR RGDGQR - - - P PGPRT LP I VG NL LDL - - - - R GGNLHHKLAS
- - - MEAS T I L WL LYVS LASC L LYKV FVS TK NGHPK I AARR - - - - - - - - - P PGP TPV L L LG NVFDL - - - - R G - E LHLALAR
MD I I F EQAL F P L FCFV LS F F I I F F T - - - - - - - - - - - T TRP RSSRKVVPSP PGPPRLP I I G N I H - L - - - - V GRNPHHSFAD
- - - - - - - - - M EAFVPGGAGA AAAAVGGFVA AAALAERAGV I APRKRPNAP PAVPGLP I I G NLHQL - - - - K EKKPHQT FAK

LAEK - HGP - - LMQVWLGEVP AVVVSS TEAA EEV LKNQDAR FADRF I T T T L GA I T FGGGDL AFAPYGE - RW RHLKMLCTQQ
LAEK - HGRHH LMQ I S LGEV F AVVVSSPEAA EE I LRNQDVT FADRF LS T T I GV I T FGGNDM AFAPYGE - RW RQLRKLCT LE
LAEK - HGRD - LMQVWLGELP AVVVSSPEAA RDVLRSQDLA FADRYVS T T I AA I Y LGGRDL AFAPYGE - RW RQLRKLCTQR
LSEK - HGP - - I MQLWMGEVP AVVVSSPAVA EEV LKHQDLR FADRHL TAT T EEV F FGGRDV I FGPYSE - RW RHLRK I CMQE
LSEK - HGP - - I MQLWMGEVP AV I VSSPAVA EEV LKHQDLR FADRHL TAT I EEVS FGGRDV T FAPYSE - RW RHLRK I CMQE
LSQK - HGP - - LMQLWLGEVP AVVAS TPEAA RE I LRNQDLR FADRHVTS TV ATVS FDASD I F F SPYGE - RW RQLRKLCTQE
LARR - HGA - P LMQLWFGEVG TVVASSPEAA REV LRSHDLA FADRHL TAAA AAFS FGGRDV V LSPYGE - RW RQLRKL L TQE
LARE - HG - - P VMQLWLGEVP TVVASSPEAA QE I LRDHDL I FADRHL TS T T AA I T FGGTDV VMAQYGE - RW RHLRKL L TQE
LS L T - YGP - - LML LRLGAVP T LVVSSAEAA AEVMRAHDAA FAGRHLSAT I D I L SCGGKD I I FGPY TE - RW RELRKVCALE
LASK - YGP - - VMF LRMGQ I D T VVVSSPAAA QEV LRDKDVM FASRPS L LVS E I FCYDNLDV GFAPYGA - YW RMLRKLCTVE
LAGK - YGP - - VMF LRTGQVD TVV I SSPAAA QEV LRDKDVT FASRPS L LVS E I FCYGNLD I GFAPYGA - YW RMLRKLCTVE
LSEK - YGP - - L VY LKLGKVP SVVAS TPE TV KDV LKT FDKD CCSRAF L T YP AR I SYNLKDL AFAPYSK - YW KAVRKMTVVE
LARERYGP - - VMALKLGLV T AVVVSSPDAA REAF TKHDRR LAARAVPDTS RVRGFADRSM I WLPSSDTRW KT LRGVVATH
LAREQYGP - - VMT LKLGL F T AVVVSSPDAA REAF TKHDRR LAARTVPD I S RARGL TGRSM I WLPSSDPRW KT LRSAVATH
LARV - HGP - - VMALRLGL T T AVVVSSRDAA AEAF TKHDRR LAARVVPDSN RAHGFSDRS I I WLPSSDPRW KALRG I QATH
LARAHGAP - - VMRLQLGLSP AVV I SSPGAA REAF TAHDRR LAARAVPDAN HALGFCDRSM I WLPSADPMW RT LRGVVAAH
LARV - HGP - - VMT LKLGL T T AVVVSSAEAA REAY TKHDQR LAARPVPDAF RANGFSERS I V F SPSSDPQW KNLRG I HATH
LART - YGP - - VMMLKMGL T T T VV I SSGDAA REAF TKHDRH LAARTV LDV T RS LDFADRSM I WLPSSDTVW KT LRGVTAAS
LARV - HGP - - VMT LKLGLAT NVV I SSREAA I EAY TKYDRH LAARATPDT F RACGFADRSM VF I PSSDPQW KALRG I QGSH
LARV - HGP - - VMT LKLGLAT NVV I SSREAA I EAY TKYDRH LAARATPDT F RACGFADRSM VF I PSSDPQW KALRG I HASH
LARV - YGP - - VMM I KLGLND AV I I SSRDAA REAF TRYDRH LAARA I PDT F RANGFHERSA V F LPSSDERW KALRG I QGTH
LAHA - HGP - - VMT LKLGLV T T V F I SSRDAA WEAFAKHDRR LAARTVPDTR RALAHAERSM VWLPSYDP LW KT LRS I AV TH
LAEE - HGP - - VMS LKLGTAT AVVASSAAAA RDALQRYDHV LAARAVCDAA RALGTHERS I VWLPGSSALW KRLRAVCTNH
LSKT - YGP - - I MS LKFGSLN TVVV TSPEAA REV LRTYDQ I L SSRTP TNS I RS I NHDKVSV VWLPPSSSRW RL LRKLSATQ
WAE I - YGP - - I Y T I RTGASS VVV LNS TEVA KEAMVAKFSS I S TRKLSKAL TV L TRDKSMV ATSDYCDFH - KMVKRYVMSS

L L TAARVRS F RR I REEEVAR LVRDLAASA - - - - AGGGEVA VNLSERVARL - VND I MVRCC VGGR - - - - S - KHRDE - - F LG
L L SAARVRS F RR I REEEVAR LVRDLAASA - - - - AAGE - - A VNLSGR I AKL - I NDVVVRCC VGGR - - - - S - EHRDE - - F LD
L L TAARVRS F RCVREEEVAR LVRDLAASA - - - - AAGE - - A VDL TARVAE L - VNDVVVRCC I GGRR - - - S - RYRDE - - F LD
L L TAARVRS F QGVREREVAR LVRE LAADA - - - - GAGGDAG VNLNER I SKL - AND I VMVSS VGGRC - - - S - - HRDE - - F LD
L L TAARVRS F QGVREREVAR LVRE LAADA - - - - GAGGDAG VNLNER I SKL - AND I VMVSS VGGRC - - - S - - HRDE - - F LD
L L TATRVRS F SRVREDEVAR LVRE LA - - - - - - - - GGGGAA VDL TERLGRL - VNDVVMRCS VGGRC - - - - - RYRDE - - F LG
L L TASRVRS F RRVREEEVAR LMRDLSAAA - - - - TAG - - AA VNLSEMVTRM - VNDTV LRCS VGSRC - - - - - EHSGE - - Y LA
L L T VARVRS F RRVREEEVAR LVRDLSAAA - - - - ASG - - AT VNL TDMVNRL - VNDTV LRCS VGSRC - - - - - KYREE - - F LA
L FNHRRVLS F RPVREDEVGR L LRSVSAAS - - - - AEGGAAC FNLSER I CRM - TNDSVVRAA FGARC - - - D - - HRDE - - F LH
L L S TKVVRQL APVRNDET L T L VRN I KAASS GHGGGGGKKP V T LARL L T TC - TNT I TAKAA FGQAC - - - GV E LQEQ - - F L T
L L S TKMVRQL AP I RDGET LA LVRN I EAAA - - - - - - GGKKP F T LAT L L I SC - TNT F TAKAA FGQAC - - - GG E LQEQ - - F L T
L Y TAKRVKS F RN I REEEVAS FVE F I KHSAS L - - - - - - EE I VNLNQT LVKL - SGSV I CRVG FG I NL E - - GS KLENT - - YEE
V FSPRS I AAA RGVRERKVRD I VGY FAAHV - - - GEV - - - - - VDVGEAVYSG - VVNLVSNAF FSGDVVDVGE ESAHG - - LRE
F F SPRS LAAA RGVRERKVRD I VNY FAGHA - - - AEV - - - - - I DVGEAVYGG - V I N I VSNAF FSADVVDVGK ESAHG - - LRE
L F SPRGLAAV RSVRESKVRD I VAY FRSRA - - - GEE - - - - - VV FGEA I YSG - V LNLVSSS F F SVNMAGVGS EEAHG - - LRE
AFSPRALAAA RAVHERKVRD LVAY LRGRA - - - GRE - - - - - VDVKDAVYGG - V LNLVSSAL FSADVVDVGG ESAQG - - FRE
I F SPRALAAL RG I RERKVRD I VGY I RT VA - - - GEE - - - - - MCVREVVHNG - V LNL I S T S F F SMDMADVRS ESARG - - LRG
I F SPRGLAAL RGVRESKVRD LVGYFRGRA - - - GEV - - - - - VDVRHAVYGC - MLS LVSSAF FSVDVVDLSA ESENE - - FRQ
V F TPRGLAAV RP I RERKVGD L I AY LRAHA - - - GEE - - - - - V L LGQAMYTG - L LNLVS FSY FS I D I VDMGS QMARD - - LRE
V F T PRV LAAV RP I RERKVGD L I AY LRAHA - - - GEE - - - - - V L VGHAMYTG - I LNMVS FSY FSVD I VDMGS QMARE - - LRE
I F T PRGLAAV RPVRERKVRD I I AY FRDHA - - - GEE - - - - - L V I RQA I HTG - V LNLVSSS F F SMD I AGMGS ETARE - - LRE
V FSPRS LGVA RSARERKVHD MVDSFRRRA - - - GQE - - - - - VD I GQV LYHG - MFDL LANV L LSVD - - - - - - - AHPN - - LRD
L F SARGLDAT RAVREAKVRE LVEHLRGHAA GAGEEE - AAA VDVGRVV FSA - V I NL VSNV L FSEDVADLSS DRAQE - - L EM
L FSPQR I EAT KT LRENKVKE LVS FMSE - - - - - SSER - EEA VD I SRAT F I T - ALN I I SN I L F SVDLGNYDS NKSGV - - FQD
MLGTSAQKQF RD I RDMM I HN MLS T FHKLVK DDPHAPL I FR DV FKDE L FRL SM I QS LGEDV SSVYVDE FGR D I SKEE I YNA
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ALCTALSQTS WL TVADL FPS - SRLARMLGT APRRALASRK KMEL I L EQ I I QEREEMT TDR S - - - - - G - DG EAGPT - NECF
ALRTALDQT T WL TVADV FPS - SKLARMLGT APRKALASRK K I EH I L EQ I I QERKR I M - DR SSHGGDG - DG EAMNT - SECF
ALRTALDQT T WL TVADV FPS - SKLARMLGT APRKALASRK KMER I L EQ I I QERKQ I K - ER S TGAGAGADD EAAAAGNECF
ALEVAKKQ I T WLSVADL FPS - SKLARMVAV APRKGLASRK RMELV I RR I I QERKDQLMDD SAAGA - - - - G EAA - AGKDCF
ALEVAKKQ I T WLSVADL FPS - SKLARMVAV APRKGLASRK RMELV I RR I I QERKDQLMDD SAAGA - - - - G EAA - AGKDCF
ALHEAKNQL T WL TVADL FPS - SRLARMLGA APRRGLASRK R I ER I I AD I V REHEGYM - - - GSGGDGGDEA AAAAAGKDCF
ALHAVVRL TS GLSVADL FPS - SRLAAMVSA APRAA I ANRD KMVR I I EQ I I RERKAQ I EAD - - - - - - - - - D RAA - DSKSCA
ALHA I LHQTS ALSVADL FPS - SKLASMVAT GPRNVLANRN KVER I I EE I I QERKNQ I E TD MMSGNDDVGD KAAVESKSC -
E LDKAVRL TG G I NLADLYPS - SRLVRRLSA ATRDMARCQR N I YR I AES I I RDR - - - - - - - - - - - - - - - - D GAPPPERDEE
ALDVGLKFSG GFCFGDL FPS - LRF I DAMTG LRSRLWRARG QLDSV FDK I I AQCEEHQGD - - - - - - - - - - - - - - - - - - - - -
ALDEALKFSN GFCFGDL FPS - LRF I DAMTG LRSRLERLRL QLDTV FDK I V AQCESNPGD - - - - - - - - - - - - - - - - - - - - -
V I HGTMEV LG SFAASDY FPV I GG I I DR I TG LHNKCEKV FK GTDS F FDHC I KHHLE - - - - - - - - - - - - - - - - - - - DGGSKD
AVED I I LA I A KPNVSDL FP F LRP LD - - LQG WRRWAEKRYD TV FD I LDN I T NSRLAD - - - - - - - - - ASAGN HA - - - - - - - G
T L ED I I LA I A KPNVSDL FP F LRRLD - - LQG WRRWAEKRYD KVFG I LDDK I NSRLAD - - - - - - - - - ADADA STKKH - - - - G
L VEDLVEA I A KPNVSDL FP F LRQLD - - LQG LRRRTEERMA RAFG I LDG I I DRRLAN - - - - - - - - - RT - - - HGDRH - - - - G
L VEE L I ES I A KPNVSDL FP F LRRFD - - LQG WRRWTSGHLA K I YKV LDD I I DRRTAE - - - - - - - - - DDA - - AMDKR - - - - G
L I ED I I AT VA GPNVSDF FP F LRQLD - - LQG LRRQTGSHLG I V FGL LDD I I DRRMAE - - - - - - - - - TRDHP DKQRH - - - - G
SMT F LMEVVS KTNVSDF FP F LRP LD - - LQG WRRL TERY LG RVTCF LDDV I DRRFA - - - - - - - - - - - - ADA SANRH - - - - G
VVDD I I SVVG KPN I SDFYP F LRP LD - - LQG LRRWT TKRFN RV FS I MGD I I DRRL - - - - - - - - - - - AH I RD GKPRHD - - - -
VVDD I I L VVG KPNVSDFYP F LRP LD - - LQG LRRWT TKRFN RV FS I MGD I I DRRL - - - - - - - - - - - AH I RD NKPRHD - - - -
HVDE I MTV FA QPNVSDY FP F LRRLD - - LQG LRRS TKRRFD R I F S I LDD I V ERRLVDRGER GGEGGASSNS SKSKHQYDGG
LMED I VA I LA KPNASDF FP L LRP LD - - LQG I RHWTA I HMS RVLH I LDS I I DCRLAQGTDD QCK - - - - - - - - - - - - - - - - -
L VRDTVEEAT KPNLSDL FPV LAALD - - LQG RRRRTAVH I R KFHDF FDE I I SRR - - - - - - - - - - - - - - - - Q NAGGEGERKE
TV I GVMEAVG NPDAANF FP F LGF LD - - LQG NRKT LKACSE RL FKV FRGF I DAKLAEKS LR - - - - - - - - - - DTNSKDVRER
TV TDMMMCA I EVDWRDF FPY LSWVPN - - KS F E TRV F T T E T RRTAVMRAL I KQQKER I V - - - - - - - - - - - - - - - - RGEAKT

- - LDV L LRLQ KE - - GDTP I P I TME L I VML L FD I VSGGTE T S T I V LNWTMA EL I RT PRVMT KAHAEVRQT F QAKST I T - ED
- - LDV L LRLQ KD - - GNTP I P I TNEV I VV L L FDMFSGGSET SSS T L I WTMA EL I RKPKVMA KAHVEVRQAF QGKNT I T - ED
- - LDV L LRLQ KE - - GDTP I P I TNE TMML L L HNMFSAGSE T SS T T LNWTMA EL I KSPRVMA KVHDEVRQAF QGKNT I T - - D
- - LDV L LRLQ KE - - GGTPVP V TDE I I VV L L FDM I SGASE T SP TV L I WT LA E LMRNPR I MA KAQAEVRQAV AGKT T I T - ED
- - LDV L LRLQ KE - - GGTPVP V TDE I I VV L L FDMF TGASE T SP TV L I W I LA E LMRCPRVMA KAQAEVRQAA VGKTR I T - EN
- - L SV L LGLQ KE - - GGTP I P I TNE I I VV L L FDMFSGGSET SATVM I W I MA E L I RWPRVMT KVQAEVRQAL QGKVTV T - ED
CS LDDL LRLQ KE - - GGSP I P I TNEV I VV L L MDMFAGGTDT SS T T L I WAMA EL I RSPRVMA KVQSEMRQ I F DGKNT I T - ED
- S LDV L LRLQ KE - - GGTP I P I TNQV I T V L L WDMFGAGTDT SS T T L I WTMA ELMRSPRVMA KVQAEMRQAF QGKNT I T - ED
DL LSV L LRLQ RS - - GGLKFA L T T E I I S T V I FD I F SAGSE T SS T T LDWTMS ELMKNPR I LR KAQSEVRE T F KGQDKL T - ED
S LVNV L LR I R DQ - - GDLE FP FGT TN I KA I I LDMF TGGTE T T SSAAEWVMS ELMRNPEVMA KVQAEVRRVF DNKSPQD - HE
S LVNV L LR I K DQ - - GE LDFP FSS THVKA I I LDMF TGGTE T T SS T T EWLMS ELMRNPEVMA KVQAEVRGVF DNKSPQD - HE
D I VDL L LKVE RGE I GLGE FQ F TRNHTKG I L LD I L LAGVDT SGHT I TWVMT HL I KNPRVMK KAQAEVREV I KNKDN I T - EE
DF LDS L LGLM S - - YG - - - - K I ARDDV T T I M FDV FGAGTDT I A I T VQWAMA EL LRNPS I MA KARTEMEDVL AGKK - - T I EE
DF LDS L L E LM S - - AG - - - - K I ACDDV T TVM FDAFGAGTDT I SNTVVWAMA EL LRNPS I MA KVRAEMEDVL AGKK - - T I EE
DF LDAL LDLV S - - EG - - - - K MARDHVT TML FEV FGAGSDT MSVS LEWAMA EL LRNPRAMR KARAELEDAA A - - - - - VVEE
DF LDV L L E LM S - - TG - - - - K I AREY L TN I L FDV F TAGSDT MSL TVVWAMA EL LRNPGVMA KARAE I DAAL GGRE - - AVEE
DF LDAL I S LA S - - AG - - - - K I PRYH I T Y L L FDV FAAGADT MT T TVEWAMA EL LRNPRVMA KVRAEV TDAL GGRE - - S FDE
DF LDS L LDLV S - - TG - - - - K I VRENV T T I L LDV F I AGSDT I TAT VEWAMA EL LRNPSEMA KVRAEMDGAL GGKK - - T VDE
DF LDS L L E LM A - - TG - - - - K MERVNVVNML FEAFVAGVDT MAL T LEWVMA EL LHNPA I MA RVRAELSDV L GGKE - - AVEE
DF LDS I L E LM A - - AG - - - - K I DRVNV LNML FEAFVAGADT MAL T LEWVMA EL LKNPSVMA KARAELRDV L GDKE - - I VEE
DF LDAL LE LM V - - TG - - - - K MERDDVTAML FEAFVAGGDT VAF T L EWVMA DL LRNPPVMA KLRAELDDV L GGKDQSA I EE
DV LDS L LV LM S - - TG - - - - K L SRRDVK I L L FD I LAAGTE T TK I T VEWAMA EL LRNPNVMA T TRAEMKAAL GGN - - GT I T E
DF LDV L LQLH S - - AD - - - - Q L S LDT I KT F L GDL F TAGTDT NS I T VEWAMA EL LRHPAAMS RARAELRDAL GAKPHP - - DE
DFVDV L LDL T EGDEA - - - - E LNTND I VHL L LDL FGAGTDT NSS TVEWAMA EL LRNPE TMV KAQAE I DCV I GQK - - GVVEE
CY LDF L LAEN T - - - - - - - - - L TDEQLMMLV WEAL I EAADT T L V T T EWAMY ELAKNPDKQE RLYQE I REVC GDE - - - T V T E

DD I SGL TY LK MV I KES LRMH CPVP L LGPRR CRET - CKVMG YD I LKDT TV F VNAWAMCRSS I YWNDAEE FK PERFENKC - -
DGVNE L TY LK MV I KES LRMH CPVP L LGPRK CRET - CKVMG YD I PKDT TV F VNAWA I CRDP KYWDDAEE FQ PERFENKS - -
DDVAKLSY LK MVTKES LRMH CPVP L LGPRR CRET - CKVMG YDVPKGT I V F VNAWA I CRDS KYWKSAEE FK PERFEN I S - -
D - I VGLSY LK MV I KE T LRLH PPAP L LNPRK CRET - SQVMG YD I PKGTSV F VNMWA I CRDS RYWEDPEEYK PERFENNS - -
D - I VGLSY LK MV I KEALRLH SPAP L LNPRK CRET - TQVMG YD I PKGTSV F VNMWA I CRDP NYWEDPEE FK PERFENNC - -
D - I VRLNY LK MV I KE T LRLH CPGPL LVPHR CRET - CKVMG YDVLKGTCV F VNVWALGRDP KYWEDPEE FM PERFENSD - -
D - L VQLSY LK MV I KE T LRLH CP LP L LAPRK CRET - CK I MG YDVPKGTSAF VNVWA I CRDS KYWEDAEE FK PERFENND - -
D - LAQLSY LK MVLKES FRLH CPVP L L SPRK CRET - CK I MG YDVPKGTSV F VNVWA I CRDS MYWKNAEE FK PERFEDND - -
D - VAKLSY LQ LV I KE T LRLH PPAP L L I PRE CRE T - CQVMG YDVPKGTKV F VNVWK I GREG EYWGDGE I FR PERFENS T - -
GL I DNLRYMK MV I KE TMRLN PV LP L LMPHL CRE T - CD I GG YEVVEGTRVV I NSWAMARSP EYWDDAEE FK PERFEDGM - -
GL L ENLSYMK LV I KE T LRLN PV LP L L L PHL CRE T - CE I GG YE I VEGTRV L I NSWAMARSP EYWDDAEKF I PERFEDGT - -
D - I EGLEY LK MVVKE T LR I N P L VP L L T PRE ASKD - VK I GG YN I PKKTW I H VN I WA I HRNP NVWKDPEAF I PERFMDNQ - -
NDTEKLPY LR AV I KEAMRLH PVAP I L L PHQ AAEDGVE I GG YAVPKGSTV I FNVWA I MRDP TAWERPDEFM PERF LQR - - -
NDT EKLPY LR AV I KEAMRLH PVAP I L L PHR AAEDGVE I GG YAVPKGSTV I FNVWT I MRDP AAWERPEE FM PERF LQR - - -
SDAARLPY LQ AVVKEAMRLH PVGP I L L PHR AVEDGVE I GG YAVPRGAMV I FNAWA I MRDP AAWERPDEFV PERFMET - - -
ADVARMPYVQ AVLKEAMRLH PVAPVMLPRK AAEDGVE I GG FEVPRGCAV I FNTWA I MRDP AAWERPDEFV PERFVGRSRA
GDAASL TY LQ CVFKEAMRLH PVGS I L VPHL AVQDGVE I GG YAVPKGT TV I FNAWA I MRDP AAWESPDQF L PERF LHKEES
PD I ARLPY LQ AVVKEAMRLH PAAPL L L PHR AVEDGVEVGG YCVPKGSMV I FNVWA I MRDP AAWERPEE FM PERF I RRGDD
ADAARLPY LQ AVLKEAMRLH PVGAL L L PHF AAEDGVE I GG YAVPRGSTV L FNAWA I MRDP AAWERPDEFV PERF LGRS - -
ADAARLPY LQ AVLKEAMRLH PVGAL L L PHF AMEDGVEVGG YAVPKGSTV L FNAWA I MRDA AAWERPDEFV PERFVERT - -
HDAGRLPY LQ AVLKESMRLH SVGPL L - HHF AAEDGVVVGG YAVPRGATV L FNTRA I MRDP AAWERPEE FA PERF LARE - -
ADVVNLPY LQ AAVKESMRLH PVAP L L L PHL VVEDGVR I GG YAVSKGT TV I FNSWA I MRDS TAWERPDDF L PDRF LGKTE -
SD I GRLPY LS AVVMETMRLH PPSP L LMPHE AVADGAAVGG YAVPRGTKV I VNVWS I MRDP ASWPRPEE FE PERFVAAGG -
SD I SALPY LQ AVVKE T FRLH PAAPL LVPRK AESD - VEV LG FMVPKDTQVF VNVWA I GRDP NVWENSSRFK PERF LGKD - -
EHL PRLPY LN AV FHE T LRRH SPVP L I PPRF VHED - TKLAG YDVPAGTEMV VNLYGCNMNR KEWESPEEWV PERFAGGR - -
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- - - - I DYKGS NF - E F I P FGS GRRMCAGMNL GMADVE FP LA S L LYHFDWKL PDGMSPED I D MQEAPGL FGG RRTS L I LCP I
- - - - I DFKGS NF - E F L P FGS GRRMCAAMNL G I ANVE LP LA S L L YHFDWKL PDGMMPEDVD MQDAPG I L VG KRSS L I MCPV
- - - - I DYNGN NF - E F L P FGS GRR I CPG I T L GMANVE FP LA S L LYHFDWKL PNQMEPEE I D MREAPGLVGP KRTS LY LHPV
- - - - VDYKGN NF - E F L P FGS GRR I CPG I NL GVANLE LP LA S L L YHFDWKL PNGMAPKDLD MHETSGMVAA KL I T LN I CP I
- - - - VDFKGN NF - E F L P FGS GRR I CPG I NL GLANLE LALA S L LYHFDWKL PNGMLPKDLD MQETPG I VAA KL T T LNMCPV
- - - - MDYKGN T F - EY L P FGS GRR I CPG I NL G I AN I E L P LA S L L YHFDWKL PDEMASKDLD MQEAPGMVAA KL TS LCVCP I
- - - - I E FKGS NF - E F L P FGS GRRVCPG I NL GLANMEFALA NL LYHFDWKL PNGMLHKDLD MREAPGL LVY KHTS LNVCPV
- - - - I E LKGS NF - KF L P FGS GRR I CPG I NL GWANMEFALA NL LYHFDWNL PDGMLHKDLD MQESPGLVAA KCSDLNVCPV
- - - - VDFRGA DF - E F I P FGA GRRMCPG I AL GLANMELALA S L LYHFDWEL PDG I KSEE LD MTEV FG I T VR RKSKLWLHA I
- - - - ADYKGS RF - EY L P FGT GRRRCPGDT F GMVL LE L I VA RL LYY FDWSL PAGMQPDDVD MDFVV TAT TR RKNHLQLVAS
- - - - ADFKGS RF - EY L P FGT GRRRCPGD I F AMAT LE L I VA RL LYY FDWSL PDGMQPGD I D MELVVGATAR RKNHLQLVAS
- - - - I DYKGL NF - E L L P FGS GRR I CPG I GM GMAL I HL T L I NL L YRFDWKL PEGMEVEDVD LEESYGLVCP KKVP LE L I PV
AE - - VDFRGK DF - E FMPFGA GRRLCPGLPM AERVVP F I LA S L LHAFEWRL PDGMSAEE LD VSEKF T TANV L - - T VP LKAV
AE - - VDFRGK DF - E F I P FGA GRRLCPGLPM TERVVP F I LA S L LHAFEWRL PVGVAAET LD LSEKF T T VNV L - - V T P LKA I
T TA - I DFRGK EY - EY L P FGS GRRLCPGLP L AERVVP FV LA S L LRAFEWRL PDGVSAEDLD VSERFNTANV L - - AVP LKVV
TEE - MDFRGK DF - GF L P FGS GRRLCPGVPM AERVLP L I MA S L LHAFEWRL PDGMSAEQLD VSEKF T TANV L - - AVP LKAV
SSPP LE LRGK DY - EY I P FGS GRRLCPGLP L AERAVP F I LA S L LHAFEWRL PDGMSPDDMD MTEKFATANV L - - AT P LKAV
DE - - VDFWGK T F - E F I P FGS GRRVCAGLPM AERVVP FMLA S L LRAFEWRL PDGVSAEE LD MRHRF T I ANF R - - A I P LKAV
- - PP LDFRGK DV - E FMPFGS GRRLCPGLP L AERVVP F I LA SMLHT FEWKL PGGMTAEDVD VSEKFKSANV L - - AVP LKAV
- - PQLDFRGK DV - E FMPFGS GRRLCPGLP L AERVVP F I LA SMLHT FEWEL PGGMTAEE LD VSEKFKTANV L - - AVP LKAV
GKAPVDFRGK EA - DF I P FGS GRRLCPG I P L AERVMPY I LA LMLRE FEWRL PDGVSPEE LD VSEKFMSVNV L - - AVP LKAV
- - - - LDLWGK QA - KF I P LGS GRRLCPALPM VELVVP F T VA S L LHAFEWHL PKGMSAEEVD V TERY TSND I L VMATP LKAV
- - - - - S FRGG EMLE FMPFGA GRRACPGTPM ATRVV T LV LA S L LHAFEWRL PGGMRPCDVD VRGRFGTS - - LNMVTP LKAV
- - - - I DLRGR DY - E L T P FGA GRR I CPGLP L AVKTVP LMLA S L LYS FDWKL PNGVGSEDLD MDET FGL T - - LHKTNP LHAV
- - - - - - L EVA DMYKTMAFGA GRRACAGSLQ ATH I ACAAVA RFVQEFGWRL REG - DEEKVD - - - - - - - - T V QL TAYKLHP L

TRVAPSDLQV I V -
TRVAPSNPQV I AS
TRVAPSSV - - - - -
TH I APSSA - - - - -
TQ I APSSAED AS -
TRVAP L I SA - - - -
TH I ASSCA - - - - -
TH I SSSCA - - - - -
PRVPY I S T Y - - - -
PYKLAP I Q I - - - -
PYKP I SMQS - - - -
L - - - - - - - - - - - -
P I LASSASE L QAS
P I LASHQ I - - - - -
PV I VN - - - - - - - -
PVV I AC - - - - - - -
PVASHTS - - - - - -
PVVVS - - - - - - - -
PV L I K - - - - - - - -
PV L I K - - - - - - - -
PVKV I N - - - - - - -
P L I V T - - - - - - - -
PVPVPARP - - - - -
PVKKRGRN - - - - -
HVHL TRRGRM - - -
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